Setting-Tertiary adult congenital cardiac referral centre. Design-Retrospective cross sectional analysis. Objectives-To report our 20 year experience with adult Fontan operations, and to compare late outcome in patients with single ventricle with definitive aortopulmonary or cavopulmonary shunt palliation. Patients and main outcome measures-Patients older than 18 years undergoing Fontan operation between 1 January 1982 and 31 December 1998 were identified. Mortality and late outcome were derived from hospital records. These patients were compared with a cohort of 50 adults with single ventricle who had not undergone a Fontan operation. Results-61 adults, median age 36 years (range 18-47 years), with a median follow up of 10 years (range 0-21 years) were identified. Actuarial survival was 80% at one year, 76% at five years, 72% at 10 years, and 67% at 15 years. Compared with before the Fontan operation, more patients were in New York Heart Association (NYHA) functional class I or II at the latest follow up (80% v 58%, p < 0.001). Systolic ventricular function deteriorated during follow up such that 34% had moderate to severe ventricular dysfunction at the latest follow up compared with 5% before Fontan (p < 0.001). Arrhythmia increased with time (10% before Fontan v 57% after 10 years, p < 0.001). Fontan patients had improved NYHA functional class, ventricular function, atrioventricular regurgitation, and fewer arrhythmias than the non-Fontan group at the latest follow up. Conclusion-The Fontan operation in adults has acceptable early and late mortality. Functional class, systolic ventricular function, atrioventricular regurgitation, and arrhythmia deteriorate late after surgery but to a lesser degree than in non-Fontan patients with a single ventricle. (Heart 2001;86:330-335) 
The Fontan operation allows total bypass of the right heart. 1 It was first described in 1971 in three patients with tricuspid atresia. 1 The ideal age to undergo the Fontan operation is thought to be between 18 months and 6 years. [2] [3] [4] Not infrequently, however, adult patients with or without surgical palliation are encountered who are suitable for the operation. 5 Under these circumstances volume unloading the single ventricle and simultaneously improving its oxygen delivery may permit better ventricular preservation and may result in less atrioventricular (AV) valve regurgitation, better functional capacity, and potentially improved longevity. Late outcome is, however, not well understood and comparative data with more conservative management are not well documented. 6 We report our experience with the Fontan operation in adults over a 20 year period. We compared the study patients with a cohort of patients who had had either cavopulmonary or aortopulmonary shunts as their definitive palliation.
Patients and methods

PATIENTS
Fontan group
Consecutive patients older than 18 years at the time of surgery who underwent a modified Fontan procedure at the University of Toronto Congenital Cardiac Centre for Adults (UTC-CCA), Toronto, Canada, between 1 January 1982 and 31 December 1998 were identified from the UTCCCA database. Hospital records, and reports of cardiac catheterisation and echocardiography were reviewed for patient characteristics. The cardiac morphology was reviewed and categorised according to operative notes, and echocardiographic and cineangiographic descriptions of the anatomy. Patients were assigned one or more of the following diagnostic categories based on their underlying anatomy: tricuspid atresia, double inlet left ventricle, pulmonary atresia with intact ventricular septum, double outlet right ventricle, atrial isomerism, transposition of the great arteries complex, or other hypoplastic ventricle.
Aortic saturations, mean pulmonary artery pressures, systolic ventricular function, the presence of pulmonary arterial stenoses (any focal or diVuse stenosis evident on either cardiac catheterisation or echocardiogram), dominant ventricular anatomy (left or other), and the severity of AV valve regurgitation were recorded from cardiac catheterisation and two dimensional (cross sectional) echocardiography reports before Fontan operation. Surgical history was obtained from operative notes. Recent follow up status was documented from hospital records and contact with the patient and referring physicians. Thirty seven study patients also formed part of a concurrent study looking at outcomes of late atrial arrhythmias after the Fontan operation. 7 Ethics approval was obtained from the Toronto General Hospital research ethics board.
Non-Fontan group
All patients with single ventricle physiology and either cavopulmonary or aortopulmonary shunt as their definitive palliation were identified from the UTCCCA database. Fontan modification was not performed because of any combination of the following factors: patient or family refusal, complex venous anatomy, hypoplastic or distorted pulmonary arteries, impaired ventricular function, AV valve regurgitation, or raised pulmonary vascular resistance. Data from patient records were analysed in a similar fashion to the Fontan group. Details of these patients have been described in a report on outcome after aortopulmonary and cavopulmonary shunt palliation in patients with single ventricle. 8 
STUDY END POINTS
The primary end point was death or transplantation. Secondary end points were functional class, sustained arrhythmia (at least one episode of sustained atrial or ventricular arrhythmia as documented on 12 lead ECG or Holter studies), systolic ventricular function, systemic AV valve regurgitation, diuretic requirement, freedom from reoperation, thrombotic phenomena of clinical significance (warranting either surgical intervention or institution of anticoagulation), protein losing enteropathy, and arterial O 2 saturations at rest. End points were determined at latest follow up-that is, within one year of the study start date (1 January 2000). Thirty seven (86%) Fontan survivors had less than one year old follow up data, five (12%) had one to two year old follow up data, and two (5%) had no recent follow data. Of the surviving non-Fontan patients only one did not have recent follow up information. Systolic ventricular function was visually graded as I (normal function, ejection fraction > 60%), II (mild dysfunction, ejection fraction 40-59%), III (moderate dysfunction, ejection fraction 20-40%), and IV (severe dysfunction, ejection fraction < 20%). AV regurgitation was graded as I (absent or trivial), II (mild), III (moderate), or IV (severe). We used the Kaplan-Meier method to describe actuarial survival and used survival beyond 18th birthday to document diVerences between the groups because age at definitive palliation varied widely. We assessed risk factors for mortality with a multivariate Cox regression model, using initial Fontan operation as time zero and death or transplantation as the event.
Highly correlated candidate variables were identified and the most significant factor was used in the model. Demographic parameters used in the analysis were sex and age at initial Fontan operation. Continuous variables were year of operation, length of follow up (time from Fontan, independent of age, to death or transplantation, or latest follow up), arterial saturations, mean pulmonary arterial pressures, and bypass and cross clamp times.
We entered dominant ventricle, BlalockTaussig, Potts or Waterston shunt, Glenn anastamosis, pulmonary arterial banding, transposition of the great arteries complexes, tricuspid atresia, pulmonary atresia with intact ventricular septum, double inlet left ventricle, double outlet right ventricle, cyanosis, presence of arrhythmia (atrial and or ventricular), pulmonary arterial stenoses, subaortic stenosis, AV regurgitation, functional class (NYHA classification), and the need for early reoperation because of bleeding as dichotomous variables.
Results
PATIENT CHARACTERISTICS
Fontan group
Between 1 January 1978 and 31 December 1998, 61 adults underwent a modified form of the Fontan operation at the Toronto General Hospital (table 1) . Thirty two (52%) were male patients. Median age at Fontan was 24 years (range 18-47 years). Forty two patients (69%) had atriopulmonary anastomoses, nine (15%) had AV connection via a conduit to a rudimentary right ventricle, and nine (15%) had lateral tunnel modification. Twenty nine patients (48%) had preceding cavopulmonary shunts with either end-to-end (classic Glenn) or end-to-side (bidirectional Glenn shunt) anastamoses. Twenty eight patients (46%) had a Blalock-Taussig shunt, six (10%) a Potts shunt, and three (5%) patients had a Waterston shunt. Three (5%) patients had undergone prior pulmonary arterial banding during infancy. Twelve patients (20%) had no prior palliation. Baseline NYHA functional class, systolic ventricular function, and AV valvar regurgitation along with changes over time are summarised in fig 1. Four patients had documented atrial fibrillation and two patients had atrial flutter before the Fontan operation. Mean arterial saturation was 85 (7)% (range 56-95%).
Non-Fontan group
There were 50 patients who did not have a Fontan operation. All patients in this group had one or more palliative shunt procedures: 15 had an arterial shunt (Blalock-Taussig, Potts, Waterston, axillary arteriovenous fistula, or aortopulmonary interposition graft) and 35 patients had cavopulmonary shunts. Of the 35 patients with cavopulmonary shunts, nine had a classic connection and the remainder had a bidirectional connection as their definitive palliation. Similarities and diVerences in relation to the Fontan group are summarised in table 1.
SURVIVAL
Fontan group
Patients were followed up for a median of 10 years (range 0-21 years) after Fontan operation (fig 2) . Median age at latest follow up was 36 years (range 20-66 years). Actuarial survival determined using Fontan operation as point zero was 80% at one year, 76% at five years, 72% at 10 years, and 67% at 15 years. There were 18 (30%) deaths in the Fontan group. Necropsy data were available in 15. Eight deaths (13%) occurred in the early postoperative period, of which three patients had intractable arrhythmia, one patient had high pulmonary vascular resistance, and the remaining four patients had low output syndromes. One patient had take down of the Fontan connection and reinstitution of an aortopulmonary shunt but died by the second postoperative day. Of the remaining seven late deaths the cause was heart failure in one, sudden death in three (at one, eight, and 11 years, presumably related to arrhythmia), pulmonary embolism in one (eight years after the procedure) and complications of cerebrovascular accident in one. The cause of death was not known in the other patient.
Higher preoperative mean pulmonary arterial pressures (19 (9) v 14 (5) mm Hg, p = 0.025) and more reoperation for postoperative bleeding (35% v 2.3%, p = 0.005) occurred in the group that died than in those who survived (univariate Cox regression analysis). Ventricular function, degree of AV valve regurgitation, arterial saturations, bypass times, and functional class were not significantly diVerent between those who did not survive and those who did.
Non-Fontan group
Cumulative survival is summarised in figs 3 and 4. Determinants of survival for this group have been previously described. 8 
SECONDARY OUTCOMES
Fontan group
The latest review was 1-5 years after Fontan operation in 12 patients, 5-10 years in 13 patients, and more than 10 years in 25 patients.
At latest follow up, more patients were in functional class I and II than before the Fontan operation (36 of 45 (80%) v 35 of 61 (57%), p < 0.001). Twenty four patients had more Arrhythmia increased in frequency with longer duration of follow up such that at 1-5 years three of 12 (25%) were aVected (p = 0.005), at 5-10 years four of 12 (33%) (p = 0.013) were aVected, and after 10 years 11 of 24 (46%) (p < 0.001) were aVected.
Arterial saturation at latest follow up was 92 (5)% and was greatly improved from the preoperative saturation of 85 (6)%, as is expected (p < 0.001). Saturations in the nonFontan group were significantly lower at 83 (8)% (p < 0.001) for both cavopulmonary and aortopulmonary shunted patients.
At 1-5 years, four of 12 patients (33%) required diuretics, at 5-10 years, six of 12 (50%) (p = 0.171) required diuretics, and after 10 years 13 of 25 (52%) (p = 0.038) required diuretics.
Fourteen of the 43 survivors (32%) had experienced a thrombotic event of clinical significance, warranting surgical treatment in three (7%) and institution of anticoagulation in 14 (32%). Two patients (5%) had protein losing enteropathy at latest follow up.
Twelve of the 43 surviving Fontan patients (28%) required reoperation at a median of 11 years (range 2-18). Reasons for reoperation were conduit stenosis in five, conduit regurgitation in one, atrial arrhythmia with secondary heart failure requiring lateral tunnel modification in one, and subaortic stenosis with secondary heart failure in one. Three patients were reoperated on because of thrombotic complications and one patient had early surgical re-exploration for bleeding.
Comparison with non-Fontan group
At latest follow up, functional class, ventricular function, and incidence of arrhythmia were significantly better in the Fontan group (fig 5) .
Discussion
Managing the adult with single ventricle physiology and prior palliation can be perplexing. Performing the Fontan operation under these circumstances has incompletely understood risks and benefits. Our study provides insight into outcome late after adult Fontan surgery. To our knowledge it is the longest follow up in this population and additionally draws lessons, albeit limited, from a non-Fontan single ventricle patient cohort. Our data has shown that the 6 reached similar conclusions. Interestingly they had an early mortality of only 6% (5/77 patients) and had only eight late deaths. 6 Their follow up period was shorter, however (4 v 10 years), and this may explain in part the discrepancy in late mortality. Our 13% perioperative mortality occurred secondary to arrhythmia or poor cardiac output states. This corresponds more with the 1973 to 1984 Fontan cohort of Driscoll et al. 10 As in other studies, deaths occurred predominantly during our first decade of experience with the procedure. 10 In the current era perioperative mortality at our institution is 4%.
11
Late mortality in the non-Fontan group was high (40%). Modes of death and risk factors in this group have been previously ascribed to worsening ventricular function, progressive AV regurgitation, and the development of arrhythmia. 8 Kopf et al 12 described a 22% late (30 years) mortality in patients with single ventricle physiology palliated by cavopulmonary shunt after definitive surgery.
SECONDARY OUTCOMES
Functional class NYHA functional class was significantly improved at latest follow up compared with before the Fontan operation, substantiating symptomatic improvement, and appeared most favourable in the intermediate term (5-10 years). After 10 years, functional class had declined from the values at 1-5 years, but was not diVerent from before the Fontan operation (fig 1) . In the adult Fontan cohort of Gates et al, 5 functional class had improved significantly at 7.4 (3.8) years from preoperative values. They anticipated progressive time related disability as 10 of their 13 patients at more than five years of follow up were in class II and three were in class I. This is in contrast with three of six who were in class II and three who were in class I with less than five years of follow up. Fontan et al 9 described similar trends after the "perfect Fontan" and attributed it to the Fontan state per se.
Functional status
Functional status was substantially better preserved than in the non-Fontan group with 80% being in class I or II compared with 40% and 43% in patients with aortopulmonary and Glenn shunts, despite similar age at latest follow up. Patients with aortopulmonary shunts had more ventricular dysfunction than patients with Fontan operation, and patients with cavopulmonary and aortopulmonary shunts were more desaturated at rest, elucidating at least in part the discrepancy in functional capacity. 13 
Systolic ventricular function
Systolic ventricular function declined with time after the Fontan operation such that at latest follow up a third of patients had moderate or severe reduction in function. This decline was also reflected by an increasing need for diuretics during follow up. The only significant variable that predicted poor ventricular function was reoperation. Patients with cavopulmonary shunts without a Fontan operation had a degree of ventricular dysfunction similar to that of the Fontan group at latest follow up, but in contrast, patients with aortopulmonary shunt had significantly worse ventricular dysfunction. Our findings suggest that partial or complete volume oZoading oVers protection to the single ventricle but does not prevent late deterioration. Cheung et al 14 showed progressive diastolic dysfunction in a cohort of paediatric Fontan patients and it is conceivable that such changes may induce neurohumoral upregulation that eventually results in late systolic dysfunction. 15 Systemic AV regurgitation Systemic AV regurgitation correlated with ventricular dysfunction. At latest follow up 10% of patients had moderate or severe regurgitation, presumably reflecting ventricular functional impairment and annular dilation. AV regurgitation tended to be increased in the aortopulmonary shunted group compared with either the Fontan or cavopulmonary shunt patients.
Arrhythmia
There was a progressive increase in the number of patients with arrhythmia: after 10 years, 46% had documented sustained arrhythmia on at least one occasion. Compared with patients with an aortopulmonary shunt the incidence was considerably lower (80% v 40%). Atrial arrhythmia and its underlying mechanisms in patients with Fontan operation are well described. [16] [17] [18] The likely mechanism in patients with aortopulmonary shunt (many of whom had no atrial surgery) is atrial stretch and dilation of the atrial myocardium secondary to chronic volume overload of the single ventricle. 8 
Other complications
One third of our patients with Fontan operation had thrombotic events of clinical significance, three of them requiring surgical thrombectomy. Routine long term anticoagulation was not practised in this cohort, nor were thromboses routinely screened for. There may have been other people with subclinical thromboses, making the cumulative incidence substantial. Data supporting routine use of anticoagulation for this group are lacking
